ABSTRACT: detection of breast cancer at early stages is well known. Although more accurate than other existing techniques, mammography still only finds 80 to 90 percent of breast cancers. It has been suggested that mammograms, as normally viewed, display only about 3% of the total information detected. The general inability to detect small tumors and other salient features within mammograms motivates our investigation of a system we call the Mammogram Display System [MDS]. The core technology used for MDS image enhancement is the wavelet transform.
Introduction:
The MDS is being developed for the purpose of enhancing a radiologist's perception of mammographic features (including lesions, masses, and calcifications) and contribute towards a more accurate diagnosis. The MDS will increase the chances of early detection of breast cancers (improved quality) and, for most patients, will shorten the mammogram evaluation time (lowered costs).
The analysis and display mammogram features is accomplished through the use of wavelet' transforms (multi-resolution) Method have been developed for the enhancement of chest and breast radiographs by using spatial filtering with the linear combination of an original image and two smoothed images obtained from the original image by applying different spatial masks. The process was completed by nonlinear contrast stretching. This method enhanced edges while minimally amplifying noise.
Other recent approaches to automate the detection of tumors in mammograms have relied heavily on some method of enhancing features. In the development of a "smart" workstation for mammography, using linear and nonlinear filters in a difference-image approach in order to increase the signal-to-noise ratio of micro calcifications. Another development is an automated system for the detection and classification of particular types of tumors in digitized mammograms. A threshold parameter and "fuzzy" pyramid links identified homogeneous regions while a second threshold parameter was applied to separate selected regions (tumors) from the background. Others compared several image enhancement methods for detecting circumscribed masses in mammograms. The method compared an edge-preserving smoothing function, a halfneighborhood, nearest neighborhood, directional smoothing, and median filtering, and then proposed a method for selective median filtering.
Despite these accomplishments, enhancement of mammographic features remains a troublesome task for traditional digital image processing techniques. We describe what we believe to be an enhanced digital mammogram display paradigm which has the ability to provide radiologists with the technology to make early detection of breast cancers reliably. However, this by itself would not necessarily improve the practice of mammography unless it could be implemented in high-resolution, low-cost, real-time (or near real-time) hardware. The implementation issues are equally challenging. The paper narrative will provide technical insights into the technology used to design an MDS prototype which currently undergoing testing.
DESIGN AND METHODS:
Preliminary studies have shown that our method can make unseen or barely seen features of a mammogram more obvious without requiring additional radiation.
To date, our study has examined the reconstruction of mammograms from several analyzing (wavelet) functions.
In our preliminary study, a cubic spline analyzing wavelet was used to accomplish each reconstruction. The original (dense) mammogram and an enhancement are shown in Figure 1 . In Figure 2 (a) we show the magnitude of the wavelet coefficients in the horizontal (left) and vertical (right) directions over the first three levels of the transform. Figure 2(b) displays the combined horizontal and vertical coefficients (left), direction (gradient) of the coefficients (center), and the wavelet maxima (right). Note how the geometric shape of the calcifications can be readily seen in the left and center columns for the finer scale sizes. The wavelet maxima [right] can be used to isolate features within a given level of the transform.
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. To test whether the proposed method can enhance pathologically meaningful shapes from a mammogram, a mathematically defined pattern consisting of regular and irregular shapes (simulating microcalcifications) were superimposed on a mammogram.
The processed database produced an enhanced image which was examined. The results, which cannot be done justice with a photocopy, did convince us that the introduced pattern, which could not be easily seen in the superimposed image, was highly recognizable in the enhanced image.
The experimental latency, on a Sun Workstation, was long. Detection of microcalcifications in breast cancer diagnosis suggests the need for large matrix sizes. However, larger matrix sizes require high resolution digitizers, greater computer storage capacities and more powerful computers. The importance of matrix size in wavelet processing was experimentally observed. Digitization "spot sizes" of 35pm (assuming 7k x 6k matrix size for an 8"xlO" film size), 70pm, 100pm, and 200pm are assumed. Thus, a conventional mammogram could range in size from 2.5 MByte up to 84 MByte, for 16-bit (2 byte) pixels. In the future, as the image becomes larger and of higher resolution (tending to 2.5Gbit), the computational issue will become significantly more important. 
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